
it is probable that niuch could be accomplished by rlou- 
bling or tripling the number of the stations. I t  will, 
however, be of great importance to have a network of 
stations along the Pacific. coast, with a closeness corres- 
ponding to that of the west coast of Norway, in order to 
he able to c.atch the arrival of lines of coi!vergence, a.nd 
thus determine as early as iossihle the direction wh~cli 
tlie cyclones will take. A close network of stations will 
probttlily also be useful on the Gulf coast. 

Even if it  alight be desirable, i t  would not he necessary 
to give these new stntions the same c.oniple!e inst,ru- 
mental e ui nient as the old oneis.. Their most iiiiportant, 

I. On the direction and strength of wind, from which 
to determine the linea of flow. 

11. On the temperature, from which to determine the 
sudden rise or fall at the lines of comer ence. 

Concerning further observations w h d  niay be tlesir- 
ahle, e. g., Concerning rain at or within sight, of the 
station, on the appearance of the sky, etc., or concerning 
special observations which niay be had from the romt 
stations and froni favorably situated mountain stations, 
the reader is referred to my Gotlienborg addres~.~ 

C!oncerning the advantages which might be obtniiictl 
by this extension of the weather service it can be st:?tctl 
that if, as in western Norway, the observations in the 
iiiorniiig are niatle the basis of forecasts for the rest of thc 
sanie day, these forecasts may be given with great con- 

task wou \ \  d e to give ns accurate reports RS possible: 

8 Pp. 80-95 of this REVIEW. 

iidence aiicl in great detail for the different districts, usu- 
ally with an indication of the time of the day when the 
rain will begin. 

It will be more difficult to express an o inion as to how 
forecasts for the following day, or a stii longer period, 
would succeed. For in t,his field we have had no esperi- 
ence in Norway, where in the present nbnornial conditions 
the duriition of the forecast had t.o be liniited to t.he 
utmost,. But w7e have every reason t.0 believe tahat condi- 
tions even in this respect will prove favorable on an area 
of observations of an estent 11s great as that of the 
United States. 

It is of coiwse very difficult for me to estimate the cost 
of the indicated change of the weather service in the 
United States. If, as I believe, a sufficient number of 
climat6010gical stntions already exist, the main expense 
woulcl be on nccoun t of the increased te1egra.phic service. 

It may be instructive t.o report that the Norwegian 
Cfovernnient wanted 70,000 kroner ($18,667) for experi- 
ment with die weather forecasting this past supmer 
[lSlS] in western Norway according to the new syst.em. 

The main ex ense was for the telegrams, and the sum 

it concerned a new start rather than an extension p a 
system already existing. The grant was given pnnci- 
pally on the round that even if there should reqult an 

the ex ense given for the weather forecasting would be 

B turned out t.0 E e sufficient for the purpose, even thou h 

increase of on P y 1 per cent in the returns from agriculture 

many P old covered. 

SYNOPTIC STUDY OF HYDBOGBAPHICAL PHENOYENA. 

By Dr. HAW PETTERRSON. 
[Dnted: G6teborgs H8pxliole, Sweden, Dee. 24,1918.1 

In a previous coininunication to tlie MONTHLY 
WEATHER REVIEW I have set out the reasoils fof an in- 
creased in bensity of hydrogra.phica1 observations in 

FIG. l.--Relation of the cstrh or markerel to the depth at wblch den% SCR w\'AIrr i .  
loimd. 

twistal waters and have also described some new t,ech- 
nical resources evolved for that purpose.a 

taken for nearly n Mainly through the daily soundin 
decennium at Borno Station in the t? ullmarford, the first 

1 UOXTHLY WEATHER REVIEW lQli p 159. 
: The new Amiindsen N.glar&pedh&has +eneq!llpped with s ~ t  oltiieseinrlrir- 

r. Sverdrup, stodymg tllerr use at my Instltutmn 1.Hnre ments, its hydrographer, 
starling. 

example of continuous hydrographica.1 observations on 
record, the surprising variability of the situation in 
coastal waters was first proved and investi ated. Thc 

biological phenomena has re eatedly been confirmed hg 
Swedish hydrographers, by C! Ekman and 0. Pettersson 
for the rich catches of herrings made in winter off the west 
coast of Sweden and by the author for the catch of niack- 
ere1 in summer. In  figure 1 a graphical representation is 
given of the catches of mackerel made a t  Borno.during 
the summers of three years as a function of the siniidta- 
neoiis depth of the 30 per cent boundmy in the fiord; 
nearlp 1,000 scores were caught when the boundary was 
below its nvernge level against less than 1,000 scores 
when it, was above the average. 

In wint.er, when these movements are especially largt. 
and rapid, the disappearance from the surface of wat.er nf 
North Sea origin (warm and sa.lt) replaced by a sheet cif 
ice-cold brsc.kish water from the Baltic, or vice versar. 
will have n ma.rked effect on the local air-temperatmc, 
the freezing of the fiords or the breaking up of their ice. 
The great scientific interest, which these internal niovc- 
ments in the sea command is thus further enhanced by 
their bearings on practical yizest,iona. 

Now the results- from the investigation a t  Borno are 
open to the objection that, the displacements of the bound- 
nry observed a t  that place may he a locc-cnl phenomenon 
limit,ed to tlie Gullmarfiord-i. e., of the nature of the 
intenial seiches studied in Scotch lochs by Wedderhurn.a 
The best method of proving or disproving this suggestion 
is obviously to make continuous observations a t  one or 
more other points on the coast parallel to those a t  Borno. 
A fimt attempt in this direction was made by the author 

close connection existing between similar c a anges an( I 
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in November, 1915. Exceptionally stormy weather 
which then prevailed prevented the observations from 
attaining the degree of completeness desired. At three of 
the points of observation, situated in the open sea, sound- 
ings could only be taken every third day, and a t  the fourth 
and last point besides Bonio, the lightship Grishbdcn., 
soundings were taken once daily. The method employed 
was the rather cumberson way of titrating water saniplcs 
collected by the water bottle. However, the results gave 
fairly good evidence that the larger displacements of the 
boundary, lasting for several days or more, for111 a part 
of a general henomenon coinpnsing the whole coast of 
Bohusliin. &sides, hydrographical changes of less am- 
plitude and shorter duration were dso apparent. 

During two months of last suninier a new attempt was 
made by the author to establish a system of “synoptic” 
observations a t  three different points on the coast of 
Bohuslln, viz, a t  Borno, a t  Hattan, to the north of Mar- 
strand, and a.t Botto lighthouse outside Gothenburg. 
(See fig. 2 . )  The distance between the second of these 
places and eac,h of the two otheis is about 50 kilometers. 
A t  all of them “U-tubes” or hydrostatic densimeters ‘ 
were put up, by means of which any change occurring in 
the tkvsrage density of a column of water extencling from 
the depth of 1 meter below the surface down to a wrtain 
depth, D, cnii he observed in the simplest way possible. 
The de th D, which represents where the lower orifice of 
the hy&ostatic system is pla.ced, amounted to 25 meters a t  
Horno and a t  Hiittan, whereas in the shnllow waters round 
Biittij only 30 meters could be attained. 

a t  tlie two >laces last mentioned there is always wine- 

be reacl regularly a t  intervals of six hours, viz, a t  2 a. in. 
S a. ni., 3 p. m., and 8 1). in. At Bomo readings were 
only taken in daytime, from 8 a. 111. to 8 1’. ni. every third 
hour. To obtain a record of such coni leteness by iiieans 
of the older technique would have invo P ved a large niiioun t 
of ualified labor. 

+lie records from all tliree laces are reprocluced in 
figure 3, where the readings o Y the U-tubes are plot,terl 
against time, a rise in the curves corresponding to an 
u lieaval of the boundary and vice versa. The scale is, 
o P come, arbitrary, but a simple calculation shows that 
a change in the readings of 1 centimeter should correspond 
to a vertical displwenient of the boundary of about 30 
;.entimeteis, or to a variation in tlie avemge density of 
the water column between 1 arid 30 nietem dept,h of about 
0 .OOO”. 

:\ strong gale in the middle of August disconnecled one 
of the lead tubes a t  Hiittan. The records from 13irrno 
and Dotto we given for a few days longer. 

I t  is seen from the curves that considerable vertical dis- 
placements of the boundary have been going on almost 
without rest the whole tinie the investigntion Instod. The 
similarity be tween the curves is 
between the curves iron Boriio 
every lar e upheaval or 

it has niany conformities with the two others, sliows in 
general variations of less ningnitude nncl has a flnt.ter 
a )pearnnce. Especially during tlie inidille of Jiily it is 

To u cert.ain estent this discrepancy may be due to the 
relatively sinall value of the depth D, ?O meters a t  
Botto. C‘hangss in the density between thnt depth and 
35 meters would not afiect tslie U-tube a t  that lace, hit 
would be recorded a t  the two obhers. Apart P roin that 

Imdy on duty d ay and night, so thatt he instiwments could 

also visib P e in the other. The curve from Batto, although 

11 I most devoid of “waves.” 

-- - .. -. .. . _-. - ._ __ __ - . 
* hl i lXrHLY WEATHER Rerrea .  I th i .  p. 113.1 

the geooraphical position is also different, Born6 and 
Hiittan icing both situated well within the outer skerries, 
whereas Bottii is almost out in the open sea. Now, both 
from a theoretical point of view and accordin to previous 
csperience the internal niovenien ts should f ave smaller 
ainplitude some distance off the coast than wit,liiit the 
liords. 

Another fact,, of the greatest interest, borne out by these 
(:ilrves, is that, tho int.erna1 movements observed a t  
places so tlifferent.ly situated occur practically at  the 
same time. This coincidence makes it estreniely im- 
probable that these movements can be due to any pro- 
gressive boundary w-me-motion procesding either pnrd- 
Icl or n t  nn angle to t.lie coast line. If the. phenomenon 
is n t  rill of an undulirtory character, it must be of the 

Y 

1 

‘P km p 1 p p q n  

FIG. Z.-Mdp oI west coast of Sweden. 

stmtling wive type with a node line more or less parallel 
t(J the const.. A progressive boundary wave should 
have a velocity of the order 0.50 niet.ers per second, so 
thnt it would take about 13 hours to travel up tlie Gull- 
mvfiord to Bornii. 
X close scrutiny of the record, however, seeins to 

iidic.ate that the coincidence between the largrr waves 
::d troughs is not absolute, but that there io a sinal1 l w  
het.ween the Boriio curve and the two others. A rougg 
c.:~lculation shows that the Borno curve is on an average 
2 Iioiirs ( fl hour) behind thilt of Hattan, and 4 hours 
( i -2  hours) after Bottij. This diirermce in phase being 
considerably smaller than the interval between two 

s, its very existence mwt  be open to some doubt. 
ieless, it scriiir rrttsoiiahlp that f l ip  displncemrnt 
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of the boundaries, whether it is caused by a standing 
wave or not, may be somewhat retarded by the friction 
of the horizontal currents against the comparatively 
shallow treshold at the entrance to the Gullmarfiord. 
As regards the details visible in the curves, i. e., the 

variations of shorter duration and small amplitude, they 
are seen to be individually different a t  the different 
localities. But they are seen to be especially promi- 
nent in all three curves during the first week of August, 
when they also tend to show a diurnal periodicit In  

waves of semidiurna period. The lat-ter period also 
crops up in many other arts of the records, and there 

observations made of the surface tides, it  can not at  
resent be decided whether these were in phase with the 

Ioundary waves, i. e., if these latter were primary or 
secondar tidal boundary waves, the latter type having 
already i een studied in the Gullmafiord by Zeilon.6 
Observations similar to these but of greater frequency 
will have to settle this question. It is, nevertheless, inter- 
esting to note, that the present method affords possibili- 

the Hattan curves the are followed by a set of still s .K' orter 

is bttle doubt as to its ti 8 al character. -4s there were no 

train of waves has been found to repeat itself almost 
unaltered in shape after the lapse of a time equal to a 
multiple of the periods set out above. 

Another explanation has also to be considered which 
attributes these internal niovements to meteorological 
causes, viz, to variations in the local wind and the air 
pressure. It is a well-known fact, that a strong air 
current has a certain influence on stratified water, d i e  
turbin the equilibrium and producing n slanting posi- 

enerated in this iiiaiiiier has been ably studied and 
sescribed by Snndstroin." 

Disregarding for the present the intricate dpnamical 
art of the problem, we can say that nnp force which 

!as for its immediate effect nn iiiclinntion of the 
free surface will in stratified water tend to produce 
an inclination to the op osite side of the boundary. 

strat.a of the densities 6 < A  a constant slope of the sur- 

face equal to $:= 6' produced by a strong wind from the 

tion o f the boundn.ry surfaces. The system of currents 

Taking the simplest case o P a fiord with only two water- 

ties of studying tidal boundary waves of so sniall ampli- 
tude, that they would be quite inaccessible to the older 
technique. 

ORIGIN OF THE INTERNAL MOVEMENTS. 

The central problem offered by these internal move- 
ments in the stratified coastal waters is naturally what 
their cause or causes may be. According to the theory 
propounded by 0. Pettersson,' they form part of a li.da.2 
movement in the boundary, due to those long- eriodic 
components in the tidal force which are denotezby the 
letters Mm and Mfin the harmonic anal sis of the tides. 
These componeiits, which are only a t le to produce 
minute fluctuations of the free surface should, according 
to this theory, evoke considerable effects in the slower 
reactive boundary, which effects may be further en- 
hanced by resonance. By way of lending support to 
this explanation its author has drawn attention to the 
fact that the lar er "waves" a t  Borno very often occur 
at  intervals of a f ortnight (or a week), and that a certain 

sea will ultimately produce a slope of the boundary of 

6 the magnitude 2 = - CX - A t  a given point in the A - 6  

fiord we shall therefore espect the boundary to become 

finally depressed by the vertical distance - H = - j r 6  x 8, 

where h is the rive of the free surface above its normal 
level a t  the same point. 
The factor --varies considerably, but its average value 

is of the order 100 so that elevation of the surface of a 
few cm. would correspond to a depression of the boundary 
(at equilibrium) of as many meters. Now for every 
meter the boundary becomes displaced, rou hl 
million tons of water have to be transporte I f  t LHti oug 
the orifice of the fiord in both directions. A certsln 
time must therefore pass before the equilibrium value 

8 
A 4  

___ - ~~ 

6 Svenskn Hydr.-Blol. Komm. Skrilter, h. V. #Ann. d. Hydrographic lwK(, p. 9. 
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of the displacement has been (a proximatively) attained. NE. (positive) to SW. (ne ative) direction. The surfwe 
The variations in the level of t 1 e boundary must there- curve 8 is drawn invertel  whereas the boundary curve 
fore inevitabl lag behind the variations both of the B, is drawn in the ordinary way, the scale being 30 times 
wind and of t e surface level. This lag will, in general, smaller than that of the S curve. The conformity 

between the three curves is unmistakable, almost every 

followed by a rise of the surface (a fall in the inverte 
c:urvel and a depression of the boundary. The latter 

6 
A-6 

E 
be greater in summer, when the is usuallY increase in the wind component from the SW. bein d than in winter when i t  is much larger. 

In order to prove or disprove this meteor- 
ological theory, one must com are the bound- 

variations in the wind, or rather in the com- 

bo NE., and also to coni are i t  with the 

Borno. In order to give any results of value, 
this comparison must at least be extended over 
a whole year. I have gone through the rather 
laborious calculation required for that purpose 

ary curve from Borno with t e simultaneous 

ponent of the wind velocit , which is parallel 

L t b ? : . F  

-17 ___._" __.__--.__. ,$ &'" 
---+ ----- -- ------.-I-- 

Fl 

- -  - - - - -  - - - - - - -- .- - -  - - - -  - _  _ _ _  - --L:L 
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t.o the main direction of t l e fiord, i. e., SW. 

variations in the level of t R e free surface at  

FIG. ~. - -~n~uencc  01 an npfioot wind in depressing I.he surtnce of tlensc sea water on the botlom. 

NE. 
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Fro. S.--Relation ot wind velocity to surfare nnd dense sea-watm levels. 

for the whole of the year 191 1, when the observations made 
at  Borno wereniore than usually complete. The boundary 
curve;jwaszobtained by calculatina from each of the 
daily h drographical soundings tge de th  at which 

level daily averages were calculated from the records of 
the mnr6ograph at Bornii. The wind component 
(daily average) was found graphically from wind obsw- 
vations taken by anemometer three times a day at  
"Hllllo" lighthouse near the entrance to the hord. 
The three curves lotted against time are reproduced 

Wdenotes the 
win# velocity in meters per second projected on the 

water o P 31 per mil salinity was found. !or the surface 

in fi ure 5 for the R rst quarter of 1911. 

change is, however, seen to be appreciabl retarded 

invariably follows after an increase in the component 
from the NE. These results are in erfect accordance 
with the reasoning set out above. TEe same applies to 
the results obtained for the rest of the year with the 
exception that in summer the conformity between the 
11' and 5' curve on one side and the B curve on the other 

is not so pronounced, whereas the lagging behind of the 
latter curve is apparently 

In  order to test the re ationship thus established, I 
have found it desirable to study the conformity by ti 
more objective method. For this purpose I have calm- 

against the two others. The opposite e d ect nearly 

rter 
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lated the correlation coefficients between the W and B 
curve for each month of the vear by the method used 
by Wal16n1 and others for similar pur oses. The results 

efficient, which is positive and comparatively high, 
varies from a ma*.rimum value i,n winter to a minimum 
in summer, the mean value for the months May-October 
being 0.65 whereas for the rest of the year i t  a.mounts to 
+0.30. The relationship for t.he suninier months is 
therefore plausible, whereas for the six winter mont,hs 
it is established be ond a doubt. 

barometer pressure compared to the boundary curve. 
The value and even t,he sign of the correlation factor 
thus found varied from month to month, its amount 
being on the whole so low t.hat the relationship seems 
rather doubtful. 

this investigation, which is a t  
present being estendea to the years preceding 1911, 

from these calculations show that t K e correlation co- 

A similar calcu 9 ation was also gone through for t.he 

The details regardin 

0 

’I’ 

Fio. 6.-I’etterson’s 11 ydnatot ie iiensimclor. 

must be reserved for a future communication. Its 
results have, however, tilready proved beyond a doubt th:i t 
the remarkable internal movements in the sea ohservcil 
at Borno have for one of their principal causes simul- 
taneous variations in the wind velocity. It is of cousse 
an open question whether there ma also be othcr 
influences, tidal or not, at  play. T i e  investigation. 
which is at  resent in progress may be hoped to throw 
some light f o  on this question. 

In  figure 3, giving the results from the synoptic obser- 
vations of last summer curves are also drawn (broken) 
which represent the dE./SW. corn onent of the wind 

coast, viz, at “HAll6” near Borno, at “Pater Noster” 
near Hiittan, and at  “Vinga” near Biittii. The relation- 

velocity, as observed a t  three lig Yl thouses along thca 

_____ __ .- .. . - . . __ . . . . . . . 
1 Sv. I;. \’at. Akad. fIAndl Rd. ::, Nn 3. 

ship between the wind velocity and the movements o€ 
the boundary is best borne out by tho Borno curve, but 
is also fairly evident at  the two other places. A similar 
c*omparison for the winter mont,hu would no doubt have 
given a much closer a reement. One may therefore say 
t.hat the relationship %etneen meterological henomena 

discovered in the Borno records froni 1911, is also fouiirl 
t.o hold for the generail movenient.s comprisin a consider- 

synoptic inres tigntion. 
Out of the results gained by this preliniinaiy iiivest.i- 

gnt,ion a number of iniportant questions arise. How far 
along the coasts of the Ska erak and the Kattegnt art? 

the same phase B Is there reslly an undulatory element,, 
more or less highly damped, present in these movements ? 
Is the wind component a t  riglit angles to the fiord and 
parallel to the coast of no influence whatever 1 Why are 
the variations in the air pressure (which have a well- 
know~i infliience on the level of the surface) without t q -  
apparent effect on the boundary, as the records from I!)] 1 
seein to  indicate ? .illart froni these roblems there twc 
a number of others bearing 011 the re r ationship hetween 
the internal movements and biological phenomena, the 
inigratioii of fishes, the different abundance of plankton 
in different years (which is probably tlie cause of tlie 
remarkable preponderance of certain year-classes in the 
catches of many food fishes), all of which requk-e to be 
cleared up. Evidently these probleiils can best lw t i t -  
tacked by establishing n system of synoptic hydrogrqdi- 
icnl o1)servations at  a number of representative locvlitics 
dong tlie coasts of Sweden, Dennisrk, and Norway, nnd 
by combining this research with a careful study of fishery 
statistics and growth determinations of fishes and with 
frequency nieasurements of tlie plankton. 

A preliminary report on the investigations described 
in this paper was read before the congress of Scandinavian 
geophysicists which was held in Gothenburg during t,lie 
last days of August this summer. At the same meeting 
~t paper was read by Dr. Ganrder of Bergen (No1.\1-a~> 
describing some hydrographic nieasurements niade in the 
Christiania fiord in March, 1916, which also indicate that 
meteorological changes have an influence on the hydro- 
graphical situation. 

The following resolution, moved by tlie autlior together 
with Dr. Gaarder (for Norway) and Dr. Jnco1,sen (for 
Denmark), was unanhnously carried at the find nier?ting 
of the congress in pleno: 

The first congrese of Scandinavian Get Iphydcists considers it desirn- 
ble to establish a Bystern of continuous hydrographical olwrvatit 111s of 
t.he internal movement8 in the sea, especial1 along the i-1aat,s uf the 
Skagerak, the Kat.tegat, and t.he Belts, both rkm lightship and fnm 
observatories on the coast, the results from this survey 0.1 be coin :ired 
with biological phenomena (fishery statistics and quant.itetire p?ank- 
ton mensurements) and aIm with ohservat.iuns of the wind and f he ban I- 
met.ric pressure. 

A committee of three (the niorers of the revolutioii) wtts 
clinrged with the drawing up of a detailed program for 
this survey. 

There is little doubt, that internal niovenients in the 
sea similar to those described in this paper are also oing 
on in s.tratified waters along the west coast of the aorth 
Atlantic. Synoptic investigations in these regions, which 
mi ht he carried out a t  compnratively small costs and 
wi% 1itt.le labor, would undoubtedly give results of con- 
siderable interest tind would yield valuable contributions 
to the knowledge of tlie int.eraction between the atmos- 
phere arid the oceaii. 

and the int,enial movements in the sea, whic P, has been 

able part of the coast, according t,o t,he rem 7 t.s from t.his 

these internal niovenients o f the same character and of 
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Synoptic ohservntions of hydrographic phenomena have 
been made during .July and August of last summer at 
three different points on the west coast of Sweden. The 
results prove %hat in ternnl movements closely resembling 
those found at  Born6 owur practically simultaneously 
sbo a t  distant locdities. These vertical displacenients 
of the boundary are fount1 t,o he closely related to simul- 
taneous variations in the wind velocity, a fact which has 
also been proved by a septwate investigation of the Born&. 
records for 191 1. The establishment of ti permanent sys- 
tem of synoptic observations in the sea found the cmsts 
of Scandiuw-itt is at present in progress. 

APPENDIX. 

The hydrostatic deasinieter described in a preceding 
aper has been modified in the following details so as to 

%e better adapted for localities where sufficiently deep 
water can only be attained a t  some distance from the 
shore, and aLqo to be independant of temperatures far below 
freezing point. The U tube of glass is mounted 
11' )side down with a cc,rrespoiidiug.change in the positjoii 

the submerged tubes are at.tnched. The latter are of 
lead, one-fourth inch wide, and are supported by bronze 
wires running along tlie whole length of the tubes so as 
to save them from the strain due to their own weight. 
About 1 meter below the surface there is a biconical brass 
vessel of about 1 liter insert,etl in each branch of the! s p -  
tem. The up er half of'these vessels is filled with liquid 
paraffin (blac K - in the figure), colored red with a scarlet 
dyestuff insoluble in water, and the same fluid is con- 
tained in tlie upper i'art of the system froni the vessels 
and upward. Only tlie lower half of the U tube itself is 
filled with a mixture of water and alcohol of the a y o s i -  
mate clensity0.85 (4 part.+ of water to (i parts of Acoliol) 
which serves as i d e s  fluid. '.l'he sensibility of the sys- 
teni ma be varied by taking other concentrations of the 
water-a Q coho1 misture (within certain h i t s ) .  The 111- 
strumelit is c uite as easy t.o mount, and to read a3 the 
type prcvwus \ y descrit)ecl. 

(Fig. 6.) 

o f its air traps A, A, and coiilniunicatioli tubes, to whcll 

NOTES ON TXE FLUCTUATIONS OF MEAN SEA LEVEL IN RE- 
LATION TO VABIATIONS IN BABOMETEIC PBESSWE. 

By CPpt. T. BEDFORD FR.4NKI.I.V. 

Ihbstmt from Jnu. Seottlsb bIet'l SOL, vol. 18, 1918, pp. 30-31.1 

A study of the data froin self-recordin tide gau es a t  

Close brought him to the following conclusions: 
1. That the effect of the local variation of pressure on 

sea level is opposite in sign to, and 13.25 times the magni- 
tude of, the barometric variation-that is, the ratio 1s the 
sanie as the ratio of the specific gravity of mercury to that 
of sen w'ater. [The actual ratio varies from nbout 7-20.1 

2 .  Tliat t h e  is an annual tide-the cause a t  present 
unknown-l~aving an amplitwle of (i inches, with a inmi- 
mum in Noveniber and a minimum in April. 

As suggested in 1914 by Prof. D'Brcy W. Tliom )son, 
the discrepancies between the tidal variation and baro- 

Dunbar, Newlyii, and Feli.wtowe by E 01. Sir C B iarltw 

metric curves may be 
pheric pressure and winds 
assuming that the effect of 
water or in pudi.ing 
pressure in pounds per square foot, 
in inches of sea level is about 1.5 times the inshore or 

offshore component of the wind pressure, it  is ossible to 
account closely for the differences between &e hydro- 
static and obserred effects. This effect on seven occa- 
sions cited was 1 to 7.5 inches. 

It u-ould, therefore, appear that by applying the ap- 
propriate wind correction the two curves may be made 
very nearly to fall upon each other, and that for the 
limited period under observat.ian-Decsniber. 191 6, to  
June, 191 7 - f h  seQ kvel respnded  ~ .mmedkteh{  to the co'iic- 
bin ed i i~ f l~~en .ces  sf ba:rmn etme pwswre aid  aGd. 

THE EFFECT OF WIND ON SEA-LEVEL. 

[Extract from Nature (London) Feb. 13, 1919, p. 471.1 

* * * Changes of level due to winds cause some 
fluctuation in individual estimat,es of the ratio (froni 7 to 
30, roughly), but not sufficiently to mask the close connec- 
tion between sea-level and barometric pressure. 

In a narrow landlocked sea, however, i t  might be es- 
pected that the wind would have relativelv greataer infln- 
ence, and this is confirmed by a recent study of the Balt,iv 
sea level by Rolf Wittino (Oft,. af F'ainskn T't~t.-Soc. For11.. 
vol. lix, A, 13. Helsin&m, 1917). 'l'lie purely hydro- 
static effect of a. gradient of barometric pressure over any 
region is t.o produce an o posite slope of t,he sea surface: 
but such a distribution o P atmospheric pressure is usual1 
acconipanied by winds directed along the isobars, wit 
the higher ressure on the left (in the Northern Henii- 
sphere). Ths tends to heap up the waters with a radieiit 

slope a pears to be about I .S t h e s  IS great as the hydro- 

twice t,he latt,er and is inclined t.o it. i l l  nziniuth nt. ahoiit, 
65". 

K 
perpendicular to the former one, and in the Ba f tic this 

static s P ope. The resultant gradient is rather more than 

AN INSTRUMENT FOB ACCUBATE AND BAPID DENSITY 
YEASUBEYENTS ON BOARD SHIP. 

BY A. I,. rrHuRAs. 

IAothor's siimmnry, from Journ. Wash. .!.cad. Srl., 1917,7: 605-812,2 flgs.1 

A simple apparatus is descrilml by which the deiisity 
of sea water can he measured on board shi with speed 
and . precision. With carefully calibrated bobbins a 
density nieasiiremeiit of a liquid of Snown tempcrat,urc 
voefficient can be lilacla it1 Irss than 10 minutes to a11 
accuracy of niore than two 111 the fifth deriiiial ])law. 
'I'h particular advantage of the method lies in tlie facts 
1 hi t  ( 1  ) Ly i4ia.nging the temperature of the liquid it,s 
tlensiby.can easily and quickly he brou lit exactly bo tlie 

ture t h  stwsit.ivit.y of the niethocl is unaffecteil by tliit 
motion of the vtis..;t*l, tho liquid anti l)ot)l , i11 having tdic 
same c1ensit.y. 

density of the hoLbin, and ('2) at eqm 9; ibrimii t.empera- 

AN ELECTRICAL INSTRUMENT FOE RECORDING SEA-WATEB 
SALMTY. 

I \ >  l h x ~ . ~ . ~  E. WEWF.I. iird .\w.mr 1;. THVRAS. 

(.\urhor's siirninsry. lroni Joiini. Wash. Acntl. Scl., IYIS, 8: 145-13, 3 figs.] 

An apparatus to give a continuous record of sea-water 
salinity by the measurement. of it,s cldrical  conduct,ivity 
is described. A pair of e1ertrolyt.ic eclls 1ia.s been de- 
signed which when used wit.11 n suitable altmiating- 
current .galvanometer will give satisfactory opwation in 
connection wit li a recorder. The teniperat.ure compen- 
sation is obt'.ained by placing both cell<, which art! in tht! 


